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EBSEARCH OF USSR AVIATION GASOLINE
FOREWORD
~
' [Tt has been noted that the Soviets' use of ethyl fluid does
not conform to standards presently recognized in the United States.
Ttem I of this report contains frasquent vrsference to com
ponent "R-9" and to tetrasthyl lead with mention of & UB ethyl
£luid similar to R-9, and with compariscn figures and percentages:
for R-9 and the ~mpounds used in the regearch project. ITtem II -
18 presented as potential clarificatiom on component "AK®, Ttem
III 1g the USSR government standard specificetior for tetraethyl
lead./ )
I. EXPERIMEE" L RESEARCH ON LBAD REMOVER FOR ENGINKS
A L. Foygin

M. P. Alokmeyeva

. " i'he work consisted of the following problems: (1) to develop a method of
. evaluating the removal of leed from the engine; (2) to analyze the effect of the
concentration of bromo and chioro derivatives on the effectivensss of leed removel;
(3) to analyze the effects of dromo and chloro derivatives of different chemical
composition on removal of leal from the engine.

The material obtainsd should make it possible to drav uesrer to the problem
of welecting and claseifying, by their effectiveness, combustion-chaxber lead
removers of various compositicn.

P. G. Kutikova and M. G. Tmaoyg participated in the physicochemical tests;
A. A, Deryabin and K. V. Medvedov, in motor testiug.

Deputy Chief of T3IAM, Frof M. M. Maslenikov, amd to Engineer D. Ya. Kolometekiy
Department Chief No 3, essisted in the course of the work.
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TRTRODUCTTION.

A necegsaxy property of orgaunoc-metallic antiknock compounds in opsration
should be the maximm posgitle slimination of metal from tha -ngine oylinder.
The prodlem of utilization of organcmetallic sntikncck compoun?a is, therefore,
cloasely connecied with the problem of selecting the halogen-containing eubstances
leading to the most complste conversion of the astal inte hulogen compounds
ezaily carried off with tle exhaust garcs.

In research on halogen derivatives vhich convert lead into light, volatile
compounis of lead, attempts were made first of all to uge carbon tetrachloride.
It proved to be unsuitable because its m i ytire with tetrasthyl leed {hereafter
roferred to as TEL) ia unetabls. In atoiage it precipiiates a vhite lesd
reaidue which lowers the effectiweness of 1%ts antiknock properties. (1)

Moreover, Midzhley tested as removers of lsad such halogen derivetives awm
dichloroethane, chloro-bromosthans, chloroform, and others. Additional researé:
and teating in the UBER wes conducted on aircraft sngines using dichlorosthans
as & lead remover.

At the present time, dibromoethans and ethyl bromide serve as lsad removers,
in the prepearation of ethyl fluid on an industrial scale {ethyl fluide 1-T in
UBA, and R-9 in USBSR).

There is wery littles literature on experimeatsl resssrch in the field of
lead removers, lespite the fact that this subject is not only of theoreticsl,
but also of practical interest.

The rols of the halogen derivatives reduces to the conversion of metallic
lead and lead oxide into a chloride or bromide which possesses high vapor tension
and promotes the most complete possible removal of lead from \he combustion: chember.

A comparison of the vapor tensions of halogen compounds of lead (2) shows
that the condensation of lead chleride on thz components of the ocombustion chember
begins with temperatures at which lead bromide iam still completely removed. From
this viewpoint, the chloride is less satisfactory than the bromide.

10 greater or smaller capaciiy of various halogen derivatives toward thexrmral
decomposition accompanied by separation of the halogen hea great #ignificence
under #ngine conditions since there is no doudt that the yresence of the froe
halogen at the moment of decomposition of the tetraethyl 1ead in the engins 1s
the condition which the lead removal process is based upon. t atmoa}:horic
wrassure this disintegration takes place at 275 degrees centigrade.)

Inasmuch as 1t was not possidble for us to discover in available literature
works on the reaction of lsad compounds with organic halogen derivatives, we
havs developed the very interesting investigations of Hartel, Mser, ari Polany
(3) on the apeed of reaction of alkyl chlorides with sodium vapors.

The authors found the following rules:

(1) The speed of the reection incremses in the order: fluorine--chlorine<-
tromine--ioline (for both aliphatic and uromatic compourds).

(2) The speed of the reaction increages with the incresse in the length of
the hydrocerbon chain.

(3) Tertiary compounds favor reaction more then do secondary or primary
compounds .

(4) The eplitting up of ihe chain hae negligible influence on the speed of
the remction.
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(5) Compounds with double homds of the atom %o which the chlorins is
attached are less favorabls to reaction than the correspording satursted compounds.

{6) Compourds with double bonds on the carbon abtom ed Joinirg the one to
vhich tke chlorine is attached are more faworable to reaction.

{7) The pressnce of the carboryl grovp incresses the speed of the rsaction.

{8) The opeed of the reaction incresses with an increase in the mmiber of
chlorine atoms in the molscule, ard the closer the sarbon atoms, to which the

halogens are attached, are groupsd together, the more conducive are the compouris
to reaction.

The dlscovery by Folany anmd asgocietes of the yulsa for the reaction of
ecdivm vepor with various helugen campounds arouses great interest. It is nongidble
that the rules obtained for metalilc sodium will also held good for lead.

¥e did not £ind any works in vhich the thermal stability of a series of
hulogen compounds would be equal with the sams measuring methods and the same
texperature and preseurs. KNevertheless, it 1s posmible to obiain, from the data
brought forth here, certsin idess on the behavwior of organic halogen compounds
in the engine. Thus, from Nef's data (5), othyl bromide under atmospharic
Tressure does not decompose up to 425 degrees dantigrsde.

Ethyl tromide begins to deccmpose at 180 - 525 degrmes centigra?e. At 500 -
600 degrees tentigraie, it decompomes completely into hylrogen bromide and sthylene.
As an intermediate stage in this decomposition, Nef assumes th® formation of a
free radical of ethylidene which by regrouping gives stiylens:

ColisBr —3> CHyCH 2 4 HBr
CH3CH=~>Cafl: A
Vernon =nd Danisls (6) vonsider that ethyl tromits during hesting directly

URdergoes monowolecular groupine. According to SokXowin's data (8), d1bromosthe.s
when heated to 300 - 315° in a olesed tube results in a system of equilibrimm:

Cﬂanr 032 CE3
ol eme
g ompr cBe,

The author found that the following reactions are possible in this system:
(1) CgHBr, +HBr =2 C,HsBr +Brp
(2) cm,g—m-a ?_20211331-:1-331'

Products containing in their moleuules a larger number of halogen atoms segin
to decompose at a lower temperature.

Thus, tetrabromcethane, according to Sabanojew's data (9), decomposes with
heating at 190 degrees centigraie  aml f..ms trilromosthane and hydrogen—hromide.

Chlorine compounds, as with the bromine ones, at temperature of decomposition
form hyirogen chloride amd tusaturated emfonnd.a. Thus, dichloroethans, at
temperatures above 400 degrees centigrade (10) gives HC1 and vinyl chloride:

ColgCly —> Clip = CHCL4+ HCL
- 3 -
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Ivanov and Ereyn (11) etudied the oxidizing decomposition of dichlervethans
during ity combustion in a horlzontnl pipe furmace. It was established that -
during the burning of pure dichlorobthans (ss 2 mixture with verious fuels) all
ths chlorine contained thersin separates in the form of hyiregen chloyide.

In the producta of the reaction-free chlorine, its oxlide derivatives and
rhosgens were not fourd.

Compounds which contain three or more halogen atoma, during thermsi decompori-
tion, give off fres halogens in addition to unsaturated compounds and hydrogen
halides.

Thus, when chloroform is heatei in s cylinder vo 425 degress centigrade
undexr & pressurs of 20 atmospheres the products of decomponition are chloxine,
hylrogen chloride, hexachloroethans, and others. Whdn carbon tetrachloride is
heatod in an incandescent tube (13), chlorine. tetrachioroethylens and hexacnloro-
oethans are formed. Aromatic compounds with ba logens in the nucleus ars more
hest-steblo than halogen-containing substances of the sliphatic series.

Msyer and Hofman (14) established thet cklorine emd bromine, when renlasing
the hydrogen of a benzens nucleus, make this nucleus more stabls. Thus, the
lower decomposition temperature of benzene iz equal to 650 degrees, whils
halogen derivatives of benrens and tolusne (iodo-,bromo-, chloro-, and fluoro-)
fscompose 8t & higher temperature--that im, 700 - 800 degrees éentigreie. It
was also established that, of the belogene, iocdines breaks off the most readily,
followsd by bromine, chlorins, and most difficult of all, fluorine,

In aromatic halogen compounds with the halogens in side chains, and in
simpler derivatives the separation of the halogenses (appearing as hydrogen
halidea) takes place at comparatively lower temperatures thon in compounds with
the halogens in the nucleus.

Data regaxding thermel decomposition of certain other organic halogen compounde
are also hrought Yorth in the following works (5-10, 12-23). ¥rom thesc works it
wab Seen Lhat thermal stability was lowest in iodo derivatives, foilowed by bromo
derivatives, and chloro derivatives, and, in addition that polyhalides were less
stable than monohalides.

In a ghort review of tke conditions of thermal stability of various organic
halogen derivatives, it follows that, to all appearcnces, tho best leed removers
will be the substances which are more inclined t¢ therma) decompositien, with a
~elsage of halogen or hydrogen halids, whereupon the formation of the halide must
coincide in time as closely es possible with the moment of decomposition of the
TEL and deposit of the atomic leed in the engine.

A. Objects and Methods of Research

For the investigations there were taken TEL, gasoline B-78, and a series of
halogen carriers: (1) etbyl tromide, (2) dibromosthane. (3) tetrabromosthans,
(4) dichlorosthane, (5) chloroform, (6) carbon tetrachloride, (7) chlcrobenzens,
(8) & mixture of ortho- and para-dichlorcbenzenes, (9) bromobenzene, (10) para-
chlorobenzens, (11) el-monochloronaphthalens.

e Commweréial tetrasthyl lead had a specific gravity of 1.58 at 20 degrees
3 centigrade and contained $5.C6 percemt TEL by weight. The majority of the lsed
S Temovers vere cbtained from apscial factories, arl before the experiments, were

distillod end desiccated over calcium chloride. The bromobenzene, para-chloro-
tromobenzens, and tetrabroubethbans vere syntheaized by us.
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The gasoline B-78 was standerd, with a epecific gravity of 0.735 at 20
degrees centigrade, iaitisl doiling point at &5 degresa centigrade and fimal
boiling point &t 170 degrees centigrede. The gascline conmisted of 8.4 pur-
cant arcmatios, 26.6 porcent majhithens, and €5.5 pswcent paraffin hydrocerbons.
In Table I there is s compllation of physicochemical rroperties of the halogen
carriers vaed by us in the experiments,

The quamtitative determinstion of lead in the commercial TEL ard ethyl
finid wes carried out by the stendard molybdate method. The guantitative
determination of the total 1sad deposit {halogen, oxide, ani metallic) was
carried cut by the method developed in ‘the Military-Air Acadamy KA.

Tebls I. Physicochemical Properties of Halogen Carriers

) Solidsifi-
Specific Halogen cation
(}iavity Hajogen (theoreti- Point
Ko Compounie Formulas Boiling Point {220 (4)  _cal$) %)
1 ethyl tromide CHBr 38-39.5 1.h% 72.50  73.25 -
2 dfbromoethens CH,BrCH Br 129-132 2.18 85.70 85.08 -
190 with '

3 tetrabromcethane CHBr [CHEr,, decomposition 2.9% 91.76 92.h7 -7

4 dichlorcethans CE,C1CH,C1 83-85. - 1.5k 72,00 L7 --

5 ohloroform CECL, 61-62.5 1.476 88.80 89.13 -

6 carbon tetrachloride CCly 76.5-77.5 1.593 91.90 92.20 -

7 chlorobenzene °6H§°1 - 130-134 1,105 30.00 31.5 ~55

8 mixture of ortho-  Waste products
and gara-dichloro- dwring benzens Initial BP Q0

benzene. chlorication Final'BP -19% 1,257 44,80 -- 0
9 bromeberzens c6n,snr 15k-155.5 1.492 50.40 50.90 -27
) - tromo 51.7% fusion
10 pera~chlorcbenzens cGthim - -- 60.00 chloroB%2  temp 63.3
N\
|
P
11 ({-monochloro clox.,u Initial BF -250
naphthalene c1 Final BP -297 1.215 -- - --
I/\f /\
AVARV
- 5 -
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'B. Preliminary Investigitioas on the Development of Me'hods of Evaluaiing the
Removal of lead From the Combustion Chamber of the Engine B

To evaluste the effeutivensss of halogen carriers as load removers 1t vas
necessery to develop a laborstory method which wonld &pproach the actual operat-
ing coniitions of a cuntemporary atircraft engine. Such a motbo? &1d4 not exist
at the beginnirg of this work. The very eimple ani convenient method developed
by H. B. Feyman (2) for a comperative eveluation of leal removers did not satisfy
fully the following couditions established by us:

(1) The method must approach as closs as poseitle to the operating comditions
6 fuel consummption in modsrn airoraft engines, :

{2) The method must be as accurate as possible, convenient and must not
reguire & large amount of meterial or tims. S

(3} The amount of deposit produced should be aufficient for a complate
apalysis and eveluatio: of the halogea carriers of various chemical compositions
‘a8 leid removers.

For the solution o’ the given questions we wred a ods-cylinder Waukesha
engine (the ermy method for determining octane number wes applied), in whioch it
wvas poasible to perform an evaluation of the degree of lead plating end lead
formation in such responsible perte of ¢the engine es the exhaust valve, spark

pivgs, otc.

The evaluation of the removal of lesd from the ~omdbustion chamber of the:
engine was performed by us as follows:

A determined guantity of gasoline was primed with the experimental ethyl
flnid consi~ting of TEL and halogen carriers. The experimentc] etnyl fluid wes
prepared dy mixing tetraethyl lead &nd halogen carriers of various chemical composi-
tion, taken in wolecular proporticns. For exampls, two mol of ethyl bromide were
taken with on. mol of tetraethyl load, and in the case of Aibrewmosthana--cna mnl.
Thus in doth cases, the proportion was one mol of halogen for one mol of TEL.
The cosposition of the TEK' and halogens was determined enalytically both for the
original components emd in prepared fusl. The gasolins, primed with the expari-
mental fluids, was turned in the. engine vnit (without stopping the engine) at
a determinsd rate. After this, the deposit was taken off all parts of the cow-
btustion chamber, weighed and analyzed as tototal quantity of lead, lead halogen,
lead oxide, and metallic lead. On the basis of these data, the percentage of
lead taken out of the combustion chamber during the engine operation on this
or ancther sample of sxperimental fluid was caloulated.

To shorten the duration of the experiments, and to accummlate an adeguate
amount of deposit and lead in the crabustion chamber neseasary to permit an
analysis, it was decided to prepare the gasolins in a gquantity of 10 kilograms
with e high concentration of ethyl fluid (1. milliliters per kilogram of fuel).
Bowevar, 1t was not .lear whether the data obtained with gesoline containing a
high concentration of ethyl fluid could be applied to aircraft engine operstion
vhere, as 1b known, the fuel contains 4 m1111}iters per ki'ogrem of fuel. Yor
clarification of these anl other wusstions posed ahove, we carried out a series
of experiments on the one-cylinder engine sslected by us.

-6 -
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Table IT. Influence of the Concenmtration of Ethyl Firid in Gasolins and Duration
of Eogine Operation on Rate of Deposit Forsation anld mm«n of lond in
Comimation Chember of Bngine

Compos Amount of deponit from
m1h;:i°§:m$ A , E each part of sombustion
Ho. ] -8 & ¢
§ E° o
5 &% Z,
b1 a:;, &
gg But B -
© wq‘ + § o
58 i g ‘N
2E o438 % [
T ot
s i3 01 3 3 1 ¢
a¥ S8u? & G &
1 TEL (without remover) 10 10 5.28 0.41 3.21 0.05 266
2 TE (1 mol)+ ethyl .
hromide (2 ml)‘- 9.6 9.5 5,03 0.31 0.35 0.01 2.13
' TEL (1 mo1) + ethyl
3 miao'(,e mol) 10 10.15 5.33 0.50 0.0 0.15 1.8k
b TEL (1 mol) + dibromo-
ethane (2 mol) 25 b0 2.1+ 0.07 0.91 0.20 0.8%
TEL (2 mol)-+ dibromo- .
: nhu(n (1 mod) 10 9.5 5.00 0.34 0.36 0.5 Lk
8&? TEL (1 m01) + aitromo-
oﬂm(n '(?. mol) 10 9.93 5.21 0.36 0.b7 o0.50 1.4
7_ TEL (1 mol) 4 Aibromo-
othano (2 wol) 5 b2 2.2% 0.07 0.k1 0.37 105
=

-7 -
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fable I1 " "(Contd)

Composition of the uE L-IE" g
Antiimock Compound g &~ 22 3
*h IR 4 8y |
PR I
e -] =]
B E " 'g '§-§ i) - ®
8. on N B 3 =} g :
e H° L B B B
S8 2§ 83 8% E® ¢
S - S PR
e 2
25 34 §z 8% 1% 1
58 §§ 5% 5sf 8% 4
. rd
1 TEL (without remover) 6.3 84.35 52.8 5.3k 1,1 89.98
2  TEL () mol) +ethyl i
tremide (2 mol) 2.60 sh.k h8.26 1.46 3,2 96.8
3 9EL {1 mol) +othyl ' :
bromide (2 mol) 2.89 sh.8  53.3 1.58 2,97 97.03
4 TBL (1 mol) + ditromo-
ethans (2 mol) 2,03 69.1% 53.50 1.0 2.61 97.39
5 TRL (1 mol) ¢ diteomo- .
sthane (1 mol) 2,50 55.58 50.1 1l.h1  2.81 97.19
6 TEL (1 mol) + dttromo-
ethane {1 molj 2.71 575 52.1 1.56 3.00 97.00
7 TEL (1 mol) -+ dlteomo-
othans (1 mol) .70 63.0 55.5 1.07 1.93 98.17

Table II showe the results of the experiments with gasoline B-78 comtaining
various Smounte of TEL with ethyl romide and dibrcmoethanse as laad remove:s.

One eample of gasolins containsd pure TEL (without a remover) in the
amount of 3 millimeters per kilogram of fuel. Four samples of the gasoline
contained a guartity of TEL (5 millildters) which in lead content was equivalsnt
40 10 illiliters of standard ethyl fluid (R-9). The amount of gaasoline used was K
10 kilogrems. Two samples of Iasoline containe?2 aubic milliliters TEL which was - i
squivalsnt to 4 cubic miililiters of standard ethyl fluid R-9, and 25 kdlograms
of fuel wvas used for each run.

3L

In this way the total amount of lead introduced into the combustion chambexr
of the sngine waa the same for all runs. Tabls II shows falrly well ihe couvergence
(stmilarity) of the parallel experiments. Thus, the totel amount of deposit and
percent of the lead deposited In the combustion chamber ueing ethyl bromide
oqualled rempectively 2.60-2.89 grams and 3.2-2.97 percent.

The gaxples of gasoline containing TEL apd halogen carriers showed, in ocom-
parison vith gasolines with TEL but without halogen carriers, consideradbly detter
results in regard to removal of lssd from the combustion chamber of the engine.
Thus, ths lead removed amounted to about 90 percent for fuel without removera amd
attaine 90% with the Tresence of the halogen carriers. These data Aistinctly skow - |
the effective role of halogems as lesd removers. v

-8 -
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It follows from t: .5 table that the concemtration of ethyl fluid in the
gagolins (10 and 4 mil1i11ters R-9 per kilogram fuel), unier the condition
that the same amount of lesd was introduced into the combuation chamber, does
not in practice influsr:e the percent of lead removed from the ciumbustlon ohamber.
Thus, the lead removed in these exveriments constituted around 97%, amd the
total percentege of lead in the deposite vsried within 55-T0 perceut.

Thegse data shov that for a comperative study of the effectivensss of
varioug lead removers it is possible to set & limit of 10 hours engine operation
on gasoline contalning approximately 10 milliliters. ethyl fluid per kilogram
fzel in order to obtain a sufficient amount of deposit for anxlytical purpoaes.
At the pame time, 1t is possible tc obtaln, with an econtmical axpenditure of
time and meterials, approximately the same results as in operations utilizing
gasolines containing the stapdard amount of ethyl fluil (4% miliiliters) and
used ir acdern engines.

On the basis of the preliminary exverimsnte carried out, a msthod wag
developsd for & compaerative evaluation of fuels, with the addition of TEL
and various halogens, in regard to depogit-formation amd removal of lesd, approxi-
mating the operating conditions of aircra.c engines.

It is obvious that such proceduire can be applisd not only to the onre-
oylinder unit selected by us, waich was designed foxr the determination of the
octare mumber of fusls according to vhe army method, but also to other Waukesha
uita add other motors, with the application of other methods for svalusting the
antiknook properties of fuels (motor, etc.). For this research it is also possidle
%0 use a motoroycle engine succesasfully. With such. engines, and utilizing the
method developed by us, ii is possible to carry but a coxparative evaluation not
only for tetraethyl lead dut also for other antiknock compounds.

The sxperimental work performed by ua in regard to the influence of the
chemical composition of the halogen carriers on the removal of lesd was dons with
a one-oylinder wnit unler the following wiitionas:

Engine Data
Cylinder diameter 66.0 m
Piston travel 112.0 mm :
Spark advance 30° Vefore top desd center
ine ating Conditions '
& 1. KNumber of revolutions 1200 rmm
- 2. Compression ratio 6.5
3. Temperature of the engine jacket 100°¢C
k, Mixture 0.85
5. Coolant . water
6. Teup;ratm of the suction air 20-259¢
7. 0il temperature 75%-
8. Amount of fuel expended on A run 10 kg
9. Duration of each run 10 hours
- 10. Bourly fuel consumption 1kg
11, Hourly oil consumpticn 9 10-15
SECRET 4
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Amount of entikmock compourd ~onsiated epproximately of 5 wl of TL/kg :
fuel, which correapondsd to 10 ml of ethyl £luid (B+9). .

13. One grade of oil vas used In &1l runp--a mixture of T0% MZS c11=30%
trangformer o1l with e viscosity of 6.4 at 50°C. Viscosity of the
waste ol in all oases was within the limits 6.2-6.L°F, _

€. Iofluence of Chemical Composition of Bromo DerIvatives of the Aliphatic Serjes
on val Lead the Comdustion Chamber of the Engine o

. 1., %he Ioflueics of Dileomoethans Concontration in Ethyl Fiuld on tL»
Adge Removel of Lead Frum ths Gombustion Chambsr of the Engines.

The inflnence of halogen carrier concentration im ethyl fiuid on
removal of lsad from the combustion chemder of the engine was stulied Tor dilromo-
sthans (DBE)--a component of the: standard antiknock compound--ethyl £luid.

Figivesd 1-3 show the chauge 1o lesd deposit in the combustion chamber of PRE -
tle ongine, deposit farmation on & most 7ital pert of the motor--the exhaust valve,
percontage of 1esd in the deposit, ard also the changs. in thv chemical sompositiony
of the deposit, that is, the perosnt of lead helogen, lead oxide, and metallic
loed, depending on the dibromoethane concemtration in the ethyl fluid.

Figwe 1show the point-by-point decreage of the weight of the deposit on
the axhaust valve Prom 3.22 gremn with sscepists clience of halogwn carriscw te
0.20 grems with 7.5 centimoles of dibromobthane for 2.5 centimoles TEL in a kilo-
Grem &f fusl, The greatest dscrease of deposit formetion takes plsce when 2.5

$itimcles of dilcomosthane is introcduced. In this caso, the amount of deposit.
g from 3.22 t0 0.5 grams.
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" The sdditionsl invroduction of di‘bmmoef.hane up to 7.5 centimoles was rsflected
only to & small oxtant in the change of depesit formation on the valve.

Although, daposlt formetion on the valve in the range from 3.5 to 7.% centi-
moles is practically congtant, the total amount of deposit in the combustion
chamber with the maximum conceatretion of dilromoethens (7.5 centimoles) is not
1ses but even more than for lower concentrations.

The increase in the totsl umount of deposit results from an eccumulation on
the oylindsr hosd of the lesd halogen which settles on the cooler surface st the
game time that the lead halogen volstilizes from the surfmce of the much hottar
exhauet valve. It ip poseible that the lesad halogem in the presence of a snrplus
amount of the halogsn snters intc recction with the organic substences of the
deposit, giving off e metallo-organic compound which setiles cm a cooler spot
in the engine, carboniving the deposit apd leading to en increase in ths accumula-
tion of deposit on the cylinder hesd.

Rules similar to thone for carbom folrmation apply to lsed deposit in the com- ST S
tustion chember of the engine, depenmling on the dibromosthans concentration in the ‘
ethyl fluid. '

Figure 2 shows that 10.1 perceant of the lsed wag deposited in the conbustion
chamber dwring operadics with othyl fluid winus didremsethens. In propartion to
the increase of dilromoethane the amount of lead deposited in the combustion
shawber decreéses. The wost shrupt decreape in lmsd depopition takes place with
2.5 centimoles of dibromoetleme. with from 2.5 to 5 centimoles there 1s hardly
eny effect on the change in the amount of lesd deposited in the combustion chamber.

However, when the concentration of dirromosthane was increased from 5 to 7.5
centimoles, leed deposition not only failed to decrease but in facét increased
£r¢ - 3.30 to .10 percent. This seme phenomenon also tock place during stuly of
deposit formation in the comdustion chamber of the engine.

It is evident from Figure 3 that the percent of total lead in the deposit
falle off sherply from 84.35 to 57.5 percent during the transition from pure TEL
to e*hyl flud containing 2.5 centimoles of dibromosthans. With a further increase
in didromoethane concentration to 7.5 csntimoles, the percent of lead in deposit
changes very little (from 57.5 to 46 perceny). While the total percentage of leai
in the deposit continues to remein more or lese constant independent of DBEE con-
contration in the ethyl fluld, the qual.tetive characteristic of the lesd compounds
unldrgoes & remarkabls change in respondd to halogen carrier concentration.

The lead halogen content in deposit increases sharply with increase in CER
concentration. The leal halogen content incressed from 0.0 percent (pure TEL)
to 55 percent (2.5 centimoles TEL to 2.5 centimoles DEE). Ths lead halogen
content in deposit increases (from 57.5 to 72.5%) with an increase in DEE concentra-
tion from 2.5 to 3.75 centimoles. Btill further, the lsad halogen content (hanges
nry)littlo with an additional increase in DEE concentration (from 72.4 to 79 per-
ocent). :

The lead oxide centent in the deposit changes conversely with the above
pettern for lesd halogen. The percentage of lead oxide falls fram 724 (pure
TEL) to B8.01 percent (2.5 centimoles TEL-+3.75 centimoles (DRE). The
of matallic lead in the depogit was not very large and varied from O to 17.0
percent. With 7.5 centimoles of dibwromoethane the metallic lead dispppears
completely. All theae data show clearly that the engine operation on gasoline
with puwre TEL without addition of halogen carriexe roaults in excessive deposit
of lead in the combustion chewber (10.1 percent).
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With such & depoeit of leed the functioning of sperk plugs, valves ani otaer
parta of the sngine beccmss impossidle anl the engine Breaks down. By introducing
ditromoethano halogen carrisr the removal of lead from the combustion chamber
improves considerably inscreasing in proportion to the addition of dibromoethans.

Coxpletely reliable engins operetion from the viewpoint of deposit formation
on the exhaust valve cen be azrived at by inclmding in cne kilogram of fusl
aprozimately 3.75 centimoles of dibromoethans to 2.5 sentimnles of TEL,

2. Effect of Chsmicnl Compesition of Bromo-Comtaining Substances of the
Aliphatic Series on Bemoval of Lead From the Combustion Chamber of tae

Engine

Research on the influsnce of succmasive bromine substitution of hydrogsn
atoma in hyirocarbon molocules on the removal of lead from the condustion chamber
wes stalied with ethyl hromide, diteomosthane, and tstrabromosthans.

Pigures 4 - 6 show ths chenge in leoad deposition and deposit formation in
the cumbustion chamber of the engine, and also the change if the chemicel commposi-
tion of the depczit, relative to the successive grbstitution of bromine for the
hylrogen atoms of the ethans molecules. It follows from Figures b - 6 that the
quantity of lead (in percent of the given luad) depoaited in ths combustion chember
decreases in proportion to the hromine substitution of the ethune hylrogen stome.
Thus, the isad obtained wes, in the case of sthyl bromide 2.98 percent, Aidrowmo-
gthane 2.51 percemt, and tetrabromosthans 2.12 percent. It follows from thess
data that the sharper dwop in lead deposition takes place with the chliings from
othyl bromide to didromoethans.

Further bremine substitution to tetrabromoethane decroases the amount
of lsad deposited but mot to the same degres as in the first case. Ascordingly
the deposit formation in the combustion chamber veries during operation withk tho
above-mentionsi halogen carriers. ,

in this way, ethyl bromide, in relation to removal of lead from the
coxbustion chamber, ylells to dibromoethans anl tetrabromocethane. This is also
confirmed by the chemical composition of the deposits. Thus the leed halogen
.content while opsreting on ethyl tromide is less (9.3 and 58 parcsnt), snd lsed
<_ide content more (24.8 and 21.5 perceat) than while operating on ditrowoethane.

The total percestage of lead in the deposit in the case of alli halogen
carriers investigated wes about the same (52.5-58 psrcent).

The exrerimantsl results nfirm the fact that thermal stadility decresses
4n this oxder or the halogen carriers: ethyl hromide, didbromcethans, and tetra-
bromoethane.
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D. InPluence of Chemical Compogition of Chloro Derivetives of the Aliphatie
Seriesc on kemoval of Leed From the Combustion Chamber of the ine

1. Influence of Dichloroethane Concentration end TLthyl Fluid on Remewal
of Lead Frow the Comimstion Chambar of the Rnglne. :

The influence of chloro-carrisr concentration in the ethyl flusd om
removal of lsad from the combustion chamber of the engine was stulled with
dichlorosthens (DCE) which in it themical structure is similar to dibromeethans,
a component of the widely used ethyl fluid. )

Figures 7 - 9 show the change in lead deposit in the comwbustion chember
of the engine, depomit formation on & moat vital part of the engine--the sxhavst
valve, perceniage content of leal in daposit, and also the change in the chumieAl
compogition of the deposit, i.e., its lead halogen, lead oxride end meteilic lesd’
content, reletive to dichloroé#thens concentration in the ethyl fluid.

Figure 7 shows the atep-by-step decreamss of the welght of the deposit
on this exbaust valve from 3.22 grams for total absence uof dichlorosthans to
0.36 grams for 7.5 ceutimoles of dichloroethane. The grsatest decrease of deposit
formation takes place with the introduction of 3.75 centimoles of dichlorosthane.
In this case, the amount of deposit decreases from 3.22 to 0.58 grams. Further
introductior of dichloroethans to 7.5 centimoles gives a much smaller affsot, at
vhich time the depoait decreases from 0.68 to 0.36 grams. It ahould be noted tkat
although the depoait formation on the exhaust Palve for 7.5 centimoles 1w scmwevhat
amaller than for 5 centimoles of dichloroethane, nevertheless the amount of deposit
in the comdbustion chamber for 7.5 centimoles turna out to be not smaller but larger
thanYor % deni.moles. The increase in total amount of deposit results as a
consequénce of dopobition in tke oylinder head. This increase, 2¢ in the cese of
ditromoethane, can bg explained by the acoumulation in the oylinder head of lesd
halogen which gettles on the cooler swrface at the same time that ths leadihalogen
volatilizes from the surface of the hotter exhaust valve. +

Rules similar to those in carbon formation apply to lead dopasstio& in
the combustion chamber of the engino, depending on the dichlorcethane concefitra-
tion in the ethyl fluid. '

the comdustion chamber vhile operating v-thout dichloroethand. In proportion to
the addition of dichloroethans, the amount of lead depdsited in the combustion
chanber decredes. The sharpest decrease in deposit of lead ip for 3.75 centi-
woles of dichloroethane (10.1 and 3.6 percent). Further addition of dichloroethare
does not havy as strong an effect. The percentage of lead deposited in the com-
‘bustion chamber falls from 3.6 to 3.25 vhile the dichloroethand content increases
from 3.75 to 5 ocentimoles to dne kilogram of fusl. With further addition of DCE
t0 7.5 centimoles, the amount of lesd deposited no longer decreases but rather
incresses to b5l porcent. This phenomenon also takes place during depocit forma-
tion in the combustion chamber of the engine.

a I¢ follows from Figure 8 that 10.1 percent of the leed is d.op(}ciud in

It follows from Figure S that the percent of total lead (curve I) in
deposit changes slightly as the dichloroetbans ‘concentration is inoressed. The'
percent of lead falls from Sk.35 to 70 with the varistion from pure TEL to ethyl
£1u1d containing 3.75 Sentimoles of DCE, after which the percentage of lead in
deposit continmes to remain rractically consternc, regariless of the amount of DCE
alded. . s

Althaugh the totel percentage of lead in deposit continues to remein more or
less conatent, the quantitative character of tho lesd compounds undergoes a 6OR-
siderable variation, dependent upon the concentration of halogen carrier. Thus,
the lead halogen increapes abruptly with an increase of ICE concentration (Figure

: 9). The lead halogen content incressed from 0.0 (pure THL) to 64 percent (3.75
PO centimoles DCE), Conversely, the lead oxide content in deposit decreases.:

1
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On the basis of the date hera, it can be atated that dichlorosthane
improves lesd removal from the combustion chamber, witk the offectiversss
increasing in proportion to the addition of dichloroethane. If ve judgs Trom
ths viewpolnt of the exhaust valve, then the minlmum deposit formation takes
place at 7.5 centimoles of dichlorosthane to I kilogram of fuel.

Engine operaticn is entirely satisfactory vith this degres of &eposit
formation,

2. Influence of the Chemical Composition of Chlorc.-Containing Substences B
of the Aliphatic Series on Removal of Lead Frem the Combuetion Chamber

of the Engine. :

A comparison of chloro derivatives of the aliphatic seriee wes carried
ocut with A1lchlorosthene, chloroform, and carbon tetrachlorilde.

Table IIT gives the chemical composition of the corresponding deposite. R .
Table IIT (average values) shows very eimilar date for deposlit frrmation om the
axhsust valve and for lead deposit in ths combustion chamber while operating the
 engine on gasoline with addition of TEL and halogen carrisrs--dichlorocethane,
chlcroform, and carbon tetrachlorlde.

The weight of deposit on the exbauat valve for all the halogen carriers
1igted 45 Sound within the 1imits 1.5 - 1.55 grams, and the lead content of the .
deposit in the combustion chamber varies in the limits 3.7 - 4.0 percent. How-
ever, ail of the kalogen carrisrs listed are inferior in operation to dibdromo-

ethans.
Table III, COMPOSITION CF TEE DEPOSIT
Weight of Dei)oait Quantity of Lead Lead Neposited Lead

Composition of on Exhaust Valve in the Combustion 4n the Combus- Removed
Antiknock Compound (gr) Chember (ar) tion Chamber (%)
TR (1 mol)+ dibromo-

ethane (1 mol) 0.47 1.56 3.0v 97.00
TEL (1 mol)+ dichloro-

ethane (1 mol) 1.18 2.23 4,25 95.75
TEL (1 = >1)+ chlorofokem . .

(2/3 mol) 1.56 2,08 3.99 96.01
TEL (1 mol)+ carbon

tetrdchloride (1/2 mol) 1.56 1.96 3.74 96.26

Thne, while operating on dibromoethans, deposit formation on the exhaust
valve is one-third as much as with dichlorosthans, chlorof3rm, and carbom”
tetrachloride. Thue, the antitative indexes for all the listed chloro-cu.tain-
ing n,tntances appearsd practically the same when used in the one-cylinder engine.

/

,'!. Influence of Halogen Derivatives of the Aromatic Seriee on Removal of
] Lead From the Combustion Chamber of the Engine

'
I3

| The influwence of halogen-carriers of the aromatic series on removal of -
lead from the combustion chamber of the sngine was studied with bromobentens,
orobenzens, a mixture of ortho-and para-dichlorcbenzenes, and chloronaphthalens.
ﬁlid« this, for investigating the effectivensss of the presance in the benzens
Wcléus of two halogens, bromine an? chlorine, on the removal of lead, para-chloro-
tromobenzens was also tested against chloro- and bromobenzene.

The data in Table IV show that, in regard to amount uf lead (average data)

.‘depo'sitod in the combustion chamber ahd deposit formation on the exhaust valve,
" the halogsn-carriers investigated are arranged in the folloving order:
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lesd Depositel .n Combustion Teposit Formed on the

Chamber of Engine {%) Brhaust Valve-Grams
Dibromosthane 2.4 0.35
Chlor.-bromobenzene ‘ 3.1k 1.06
Chloronasphthalene b.ob 1.30
BEronober sene - oh,23 l.27
Dishlorcbenzens - 4,86 1.63
Chlorobenzens 5,11 1.86

The percentege of %total lead In deposit is smellest in the case of ohloro-
bromobenzens {6k.18 percent on the aversge). For all ths remaining halogen
cerriers the total lead content varies'from 69 - 76.8 percent.

The lsad halcgen content In deposit shows up largest in the case of chloro-
rah*halene. For the remaining halogen carriers the percentege of lead halogen

is =9arly the same. The percentage of leal oxids variss In sccordance vith tha
game pattern.

From the data hers, it follows that all the halogen carriers of the ayomatic
sories vere seen to be less seffective them 4lbromcethans--the halogen carrier of
etandard ethy™ flwid.

Thus, in relation to deposit formation on the exhaust valve , the tested
halogep carriers are lags effective than the dibromoethene.

Ag a lead remver,q’ -monochloronaphthalene proved to be a fairly effective,
although inferior to dibromoethane. Chloronaphthalene ig approximately 20 per-
cent more effective than chlorobenzeny, amd is practically equivalent to hromo-
beazene.

Experimentai data ghow that the benzsne nucleus with two halogens in the
nuclaug--chlorine and bromine--with respect to lead removal, proves to be gome-
vhat more effect . ve than the chlorobenzens or dromobenzenc separately.

The experimental data obtained by us on the lower effectiveness of halogen
cerriers of the aromatic series in comperison with halogen carriers of the

eliphatic geries, conformg with the higher thermsl stability of aromatiz helogen
derivaetives.

Thus, only a% temperatwres of bright-red hea. (700-800 degrees centigrade)
do6s chuorobenczene pags Into diphenyl, forming a small amount of halogen amd
hyirogen 1 “ides, while halogen carriers of the aliphstic series (ethyl tremide,
ditromosthe.e) become thermally unstable near 500 degrees centigrade, i.s. , at
temperatures more favorable for chemical reaction with the lead and lead oxide
mroduced in the combusticn chamber from thermsl decompogition of the tetrasthyl
laad. )

Julging from the deposit formation and removal of leed from the combustion
chamber, it cen be said that the chloronaphthalene proves legs gtable thermally
than chlorobenzens and is approximately equivalent to the bdromobenrene. Ths
chlorobenzens proves tc be more stable thermally than tromobenzens.

The intro&.uction into the tenzene nucleus of two different halogens- bromine

and chlorine-—decreases its thermal gtability snd consequently, increesses its
effectiveness ag a lesd remover.
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~ ¥ Comparative Bvaluation of “Lhe EBffectivenegs oOf ﬂalogon-Cﬂrrieré of Varied ' . ’
. Chemical Compogition ap Removers of lead Frow the Gumbustion Goamber of the
JEngine

Comparative tegts of gasolines, with TEL end hslogen carriere of various
chemical compoeition added, on a one-cylirder unit makes possidle a comparative
evaluation of the effectiveness of halogen carriery as leed remcvors. Compaxe -
tive testn of gagolines with addition of TEL and guch kelogen cerriexs as dibromo-
ethene and dichlorcethens, conteining provortions of halogen 3quivalent to the
lead in the ethyl fluid one mole of halogen to one mols of lsad), showed that
deposit formation in the combustion chamber of the engine in the cass of didbromo-
ethane was half ap great as in the case of the dichloroethans. Thus, the weight
of the deposit on the exhaugt valve falls from 1.5 grams in the case of dichloro-
ethane, to 0.5 grems in the cape of dibromosthene.

A comparigon of the chemical composition of the depcisitg shows an increage
in total lead content in the deposit obtained using dichloroethans {72.1 amd 57.% 4
percent), smaller lead halogen content in comparigon with the deposit obtained ‘
with Aibromosthane (45.00 and 5%.67 percent), and at the gams tims iwice s much
lead-oxide content with dichloroethans (35.00 amd 19.40 percent). All these data
show that bromine 1is congiderably more effective ag a remover of leed then chlorins.

in increese in the concentration of halogen carriers in the ethyl £luid,
ditromoethune or dichloroethene, to 7.5 centimoles of halogen to 2.5 centimoles
of lead In ons kilogrem of fuel shows & systemetic improvemsnt in removal aml
_reduction of depusit formation in +the combugtion chember of the engins. This i
accompanied by an inorsase in lead halogen deposit, a decrease in lead oxide,
and at the game timp,.a decre.ge in the amount of deposit on the exhaugt valve.

It was clearly shown that continuous operation of the engine on gasoline
with TEL without a halogan carrier is not posgible becauue of the depogition of
core thar 10 percent of vhe total quantity of lead carried :nto the combugtion
chamber with the fusl. A gradual inoreesse in halogen concentration in the othyl
fluld decreases deposit formation of the most vitel parte of the engine (exhaust

velvs, spark p.ugs, otc.), increases the output of lead halides, and improves their
removal from the combustion chamber.
Thuas, with an incresge in dichloroethane concentration from 1.25 to 7.5 centi-

moles in 1 kilogram of fuel, the weight of ths depogit on the exheust valve varies
from 2.35 to .36 grems, and the lead halogen contont, from 21.50 to 76.7 percent,
lead oxide comteTt, 53.5 = 2.77 percent. During the transition from 1.25t0 3.75 -5
centimolep DCE the indices chenge sharply. Minimum depogit formetion on ‘he exhaust
valve takes place at 7.5 centimoleg of dichloroethene.

With an increais in dibromoethene concertration from 1.25 to 7.5 centimoles,
the weight of deposit on the exhaugt valve chenges from 1.75 to0 0.2 gremg, lead
halogen content from 27.5 to 79 percent, lesd oxide content from 45 - 2.6 percent.
During the transition from 1.25 to 2.5 centimoles, 211 indices undergo sharp
changes, vhile in the cass of dichloroethans, guch a chengs takes place in the
transition from 1.25 to 3.75 - 5 centimoles.

Minimum deposit formetion on the exhaust valve ig observed with 3.75 c-moles
of dibromosthans, when in the cags of dichlorcethane it takss place at 7.5 c-moles.
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§
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sthane content in moles to
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In Figure 10, the curves show change in depogit formaticn on the exhaust
valve relative to aibromoethane (and dichloroethane) concentration in the
gasoline. From these curves it follows that, in relation to depogit formation
on & mogt vital part of the motor--the exhaugt valve--an ethyl f£luid containing
2.5 centinoles of dibromoothsne gives approximstely ome-third as much deposit as
othyl fluld containing an squivalent amount of dichloroethens (0.5 eni 1.5 grems).

The Influerce of accumulation of halogon atoms in the molecule, leading to
8 decrease In thermal stability of the halogen carrier, wag investigated with
tromo end chloro derivatives of the aliphatic series. It was shown that othyl
tromide, in reiation to depogit formation and removal of lead, 1s somevhat lems
" satigfactory than dibdromoethans.

Thus, on ethyl bromide the deposit from the exhaug: valve and lead deposited
in the combustion chamber proved to be 0.40 arams amd 2.98 percent, and on
dibromoethane, 0.36 grams and 2.4 percent. The cffectiveness of dibromoethans
and tetrabtromoethane as lead ramovers proved to be practically the gams.

We algo falled to notice any great difference, in relation to deposit forms-
tion and removal of lead, between dichloroethane, chloroform, and carbon tetra-
chioride. All of theasc halogen carriers showed mectically the pame effect ap
lead removers. Thus, it was not possible for us to notice egsential differences
in the bshavior of dirhloroethane and carbdon tetrachloride.

A comparative etudy of halogen carriors of the aromatic geries--chlorobsnzene ,
chloro-tromobonzens, and Of-monochloronaphthalens--shownd that all of these halogen
carriers were congiderably less effective than ditromoethans--halogen carrier of
standerd ethyl fluid. Thus, for exapmle, in relation to dapogit formation on the
exhaugt valve, chlorobenzene (1.82 sramas is mch less satisfactory than ditromn-
ethans (0.35 grams).

- 20 -

1

CORET

- B A B
Sanitized éopy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270034-4




M g
03 &

Sanitized Copy Approved for Release 2011/09/19 : CIA-RDP80-00809A000600270034-4

t

e 8
AT |

SECREY \ 50X1-HUM

“ut eXperimental date obtained on ihe lover eflectveness of hi.1agen
wxylers of the erowatic geries in comparigon with helegen cerxders of thas
&lintetin gerles conformg with the higher thermel gtedility of ercmatic halogen
derivatives. Thus, chlorobsnzene, only &t 70C ~ 800 "ecrer3C trensformg into
diphenyl, giving off in the process & small amount of fres helogen and hylrogen
halilesg, vhile halogen carriers of the aliphatic geries (ethyl bromide, dizomo-
sthens) become thermslly *.istable near SO0 degrees centigrade; 1.e., at tempera~
tures mogt favoradle Por ol wfarl weactton with the lesa forming in the combustion
chembs , from therma.. decomposition of the tetrasthyl lead.

It is necegsary to note thatek -mono-chloronspbthelans proved to be a feirly
effoctive lacd remover &lthough In thig regpect 1t i inferior to didbromoethene.
Chleroscphthclens wag eppreximately 20 vercent more effsctive then chlorobsnzene,
apd ves precticnlly equivelent to bromodenzune. It was shown thet helogen carriasrs,
contilning a benzens nucleug with two halogens, chlorins end bromine » Troved to be
gomewhet more effective for leal removel than halogen carriers such ag chlcro-
benzene or bromobenzeas with only one halogen in the benzens nuclsus. . P

G. Conclusions

1. The laboratory method developed for wvalusting the effectivenesa of
halogen carriers of verfoug chemical compogition snd the removal of antikmock
compounds from the ccmbugtion chember of the engiqe approximates the opsreting
comationg of elrersft englnes. A comparative evaluation of entiknock compoundg
and halogen cerriers wee carried out under determined corditions on & one-oyl'‘nder
waukeghe engine by means of burning gagoline with the gpecific eubstances added
and by a physicochemicel anelysis of the molid producta of combugtion.

The comparative method of evaluetion herein developed requires a gmall amount
of mnterial and few Tacilitieg. However, the engine method developed cannot bde
rocommended for the eveluation of lead removers very close to each other in their
effectivenegg. For the svelustion of gimilar halogen-carrierg, & more accurate
laboratory method is required.

\ 2. 1t was ghown that the removal of lead from the combugtion chember of the
engine proves to be fairly high (90 percent) even without the addition of gpecial
halogen carriers to the gesoline.

3. Tt wag ghown thet the removal of leal from the combugtion chamber of the
engine improves proportion:lly with en increase of helogen cerrier concentration
in the ethyl fluid.

k. Tt wag ghom that bromo derivetives of the aliphatic geries (dibromoethzns)
give one-third the deyosit on the exheust valve of the engine that chloro derivatives
of the meme geries give (dichloroethanse),

5. It wes shown : t the removal of lead from the combugtion chamber of the
engine varies depending on the deqrse of gubstitution of bromine for the hydrogen
atomg of the hydrocerbon molecule. Fthyl bromide proved to be gomevhat leas
effective ap a remover than browoethans ard tetrabromosthane. The latter two
halogen carriers, for operating conlitiona of a one-cylinler engine, possess
practically the same effectivensge &g lead removers.

6. It wag ghown that, in & one-cylinder engine the chlorine compounds of
the aliphetic geries--dichlorosthane, chloroform, eni carhor tetrachloride--have
rrectically the same effectiveness ap lesd removers.

7. It was ghown thet balogen cerrierg of the &liphatic geries were more
offective lead removers than halogen cermierg of the eromstic peries.

8. It wag shown, on the basis of the amell number of toat substances of
the arometic geriey, that chlorobenzens wag inferior as a remover of TEL, tc Bromo-
benz~ne, and that -ronochloronapihrthalene vae a better rem.ver then the first twe
-2 -
SECRET

CTpne
Chigip

Sanitiz’eﬁ‘ébpy?b&g\@ for Release 2011/09/19 : CIA-RDP80-00809A000600270034-4




Sanitized opy Approved for Release 201 1/09/19 : CIA-RDP80-00809A000600270E)34-4

SEBREA
sprer  50X1-HUM

bologen carriers. It wap yhown thet the combination in the aromatic nuclaus of
two Nalogena--hromine and chlorine {pera-bromo-chlorobenzene)--proved to have a
beneficlal sction on the removal of lead.

9. It wea shown that the moet effective halogen carriers of lead can te
only those whose thermal decompogition tekes place as close &g possible to the
conditiong necemsary for tetrasthyl leed decomposition. The effectiveness of
halogen carriers decrsases in proportion to the increage of their decomposition
tompereture.. L lmovledge of these rules will permit a more aceurate spuroach 4o
the gesrch ror new, more effective iead removers.

The foregoing report wag Sriginsted under the euspices of the Minigtry of the
Avistion Indugtry, Central Order of Lenin Scientific Research Institute of Aircraft
Engine Construction imeni ¥. I. Bsranov, &nd publighed as one of the gcries of
"Trengactions of tieCentral Ingtitute of Alrcraft Fngine Construction fTsIAM) "

No 112, by Defense Publighers, in 1ShL6,
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". . . . a mixture of the so-called 'aviation component' {Rusmien 'aviakomponent')
of the straight-run gasoline fraction obtained from the best petroleums with
arcmatic components (bdenzol, pyrobemzol, sometimes cumol.)”

Degoriding & method for odtaining B-78 gapoline with physicochsmical properties
conforming to GOST 1012-4k.

Belov ig extractsd from in article, "investigation of Variously Frepared
Commercial Aviatlion Gesolines in WauXesha Engine by C. F. R. Msthod with Super-
charging”, by D. Ya. Kolomatekiy, amd A. A, Deryedbin in “oftyanoys EKhozyaystyo,
No 5, 1946, (Cf. Chemical Adstracts, Vol 41, No 3, 851a)

IIT
Totraethyl Lead - GOBT 2657-bk

Physicel-Chemical Indexes

Specific gravity dﬁo-— minimum . 1.570
Tetrzethyl lsad content in $ by weight-- winimum 92.0
Ethyl Chloride content, % by weight-- maximm ) 0.6
Reaction neutral

Thess date were teken from the book Technicel Standards for Petroleum
Productyg, igsued by the Technical Council for Rationalizetion of Petroleum of
the Main AMminigtration of National Petroleum S8upply, published by the State
publishera of Technical Literature on Fuel, Moscow-Leningrad, 1946
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